(4). All positive cerebrospinal fluid reactions at the end of a year are indicative that further treatment is necessary.
THE BRITISH JOURNAV OF VENEREAL DISEASES
The difficulty which is encountered in the general acceptance of the cerebrospinal fluid as the main gauge is that at times the clinical and serological results -appear to be at variance. This is due to the fact that the clinical result depends not only upon the death of the causative organism and the subsidence of the inflammatory reaction, but also upon the degree of destruction of nerve tissue that has occurred. It is the failure to recognize this latter factor that has led to the conflicting reports as to the efficiency or otherwise of malaria therapy.
-With a view to underlining the fundamental importance of the cerebrospinal fluid, it was decided, in presenting our results, to ignore the clinical aspect and to concentrate on the changes found in the cerebrospinal fluid after malaria therapy.
In order that the cerebrospinal fluid may be investigated to the best advantage, it is essential that the examination be complete. The report should contain the following four things, namely:
(1) a cell count; (2) a total protein estimation; (3) a Lange colloidal gold test curve; (4) a Wassermann reaction. They have been put in this order because it is considered to be the order of precedence. This point is enlarged upon below.
A factor which is sometimes overlooked is the time intervat between the last cerebrospinal fluid examination and the commencement of treatment. This is especially important if any other form of treatment has been given previously. The importance of this factor has just been impiessed upon us again by the following case.
Application was made recently to the Malaria Therapy Centre for the admission of a woman suffering from general paralysis of the insane. The patient was duly admitted and she brought with her a note from the hospital which had applied for her admission, saying she had been treated there about 6 months previously with penicillin and that the reaction of the cerebrospinal fluid examined immediately after treatment was positive. It added that another lumbar puncture had been done the previous day and that they would let us know the result as soon as it came to hand. They did so and reported that the reaction of the fluid was negative.
It is proposed, therefore, to examine the changes seen in the individual items of the cerebrospinal fluid and in the fluid as a whole, and to discuss their significance as guides to the adequacy or inadequacy of the treatment.
The cell count The cell count is probably the most important item in the examination of the cerebrospinal fluid. First, an increase in the number of cells (taking 5 or less per cubic millimetre as being within the normal range) is now generally accepted as indicative of an active or potentially active disease process. It is necessary to add the latter statement, since a case of latent or asymptomatic neurosyphilis, in which the disease is apparently quiescent, usually exhibits a count higher than normal. Secondly, the cell count is the most reliable index of the course of the disease. In almost every malaria-treated case it is the first to revert to normal, and the reversion is usually rapid and permanent.
An investigation of 525 of our patients in whom the cerebrospinal fluid had been examined within from 6 months to a year after treatment with malaria, ofwhom 352-were men and 173 women, gave the following results: in the men in 298 cases (85 per cent) the cell count was normal within the year and in 54 cases (15 per cent) it remained high. The percentages for the women were almost identical. The two sub-groups were then analysed with regard to the ultimate state of the cerebrospinal fluid as a whole.
In the case of the group in which the cell count fell to normal within the year, it was found that in the men in 23 cases (8 per cent) the fluid reverted and the reaction became strongly positive, in 15 (5 per cent) it reverted to a weak positive, * in 87 (29 per cent) it remained inactive and in 173 (58 per cent) it became negative.
(For a description of these four types of cerebrospinal fluid see page 124.)
In the patients in whom the raised cell count was relatively persistent, it was found that 29 (53 per cent) maintained their high count, 1 (2 per cent) improved to the extent of having a weakly positive fluid; in 9 (17 per cent) an inactive fluid developed and in 15 (28 per cent) the reaction finally became negative.
The results in women were slightly more consistent; of those whose cell count fell to normal, numbering 149, only 2 (1-4 per cent) relapsed, the fluid becoming strongly positive, and in 100 (67 1 per cent) it eventually became negative; of the 24 with a relatively persistent increase in cells, 19 A further analysis of the Cases in Table 1 may be made, as shown in Table 2 . (2) if the ceU count becomes normal, it is very unlikely that it will revert, and there is a fair possibility that the reactions of the fluid will eventually become negative;
(3) if the cell count is still increased a year after treatment, it is highly probable that it will remain so unless further treatment is given.
The total protein estimation Malaria has very much the same effect on the amount of protein present in the cerebrospinal fluid as on the cell count. There is usually a marked and rapid reduction, which is relatively permanent. If the estimation is recorded in grammes or milligrams per cent a certain amount of fluctuation may be seen, and in some cases the total may remain moderately high even when the reactions to all other tests are normal.
In 458 of our patients, of whom 299 were men and 159 women, in whose cases the total protein was recorded in grammes or milligrams per cent, it was found that within a year from the end of treatment 83 per cent showed a marked reduction and 17 per cent either no reduction or even an increase. These percentages were identical for both men and women. It will'be seen that the figures are very similar to the comparable ones for the cell count. (See Table 3 The Wassermann reaction and the Lange curve It is not proposed to say much about these except that in time they both usually become normal. They are not so important, as isolated items, as is either the cell count or even the protein content; their main significance appears in considering the cerebrospinal fluid as a whole. The cerebrospinal fluid as a whole It cannot be too strongly emphasized that, in assessing the results of treatment, it is the state of the cerebr'ospinal fluid as a whole which must be considered. To facilitate the handling of the material Dattner's classification had been adopted (Dattner, Thomas and Wexler), namely:
(1) strongly positive; (2) In order to obtain a general picture of what happens to the cerebrospinal fluid after malaria therapy an analysis was made of the results in 872 of our patients, of whom 531 were men and 341 women. In 102 men (19.5 per cent) the fluid remained strongly positive, in 24 (4-5 per cent) it was weakly positive, in 129 (24 per cent) it was inactive and in 276 (52 per cent) it was negative. The apparently better results in the women probably can be explained by the fact that many of the patients included in the series have been followed up over a longer period than have the men. In 46 cases (13.5 per cent) the cerebrospinal fluid remained strongly positive, in 27 cases (8 per cent) it became weakly positive, in 61 (18 per-cent) inactive and in 207 (60.5 per cent) negative. (See Table 4 .)
The question of the persistently positive fluids was then investigated to see whether or not it was possible to recognize them fairly soon after treatment. An analysis was made of all the patients, numbering 124 (men 97 and women 27), who had strongly positive cerebrospinal fluids a year after treatment. It was found that in the men 71 (73*2 per. cent) remained strongly positive, 9 (9.3 per cent) became inactive and 17 (17.5 per cent) negative. The women gave very much the same picture, as can be seen in Table 5 . It must be borne in mind that this investigation is necessarily incomplete, and that it is probable that in some cases, if the cerebrospinal fluid had been examined over a longer period, the end result would have been different. The longest time between treatment and the last examination is 15 years and the shortest one year, the average being 2 years.
The following history is the clinical record of a patient showing a persistently positive cerebrospinal fluid.
Case l.-J.K., male, aged 45 years, was admitted, 26.2.41, with a diagnosis of tabes and bilateral optic atrophy, the cerebrospinal fluid being strongly positive. He was infected with malaria and had 7 peaks of 1030 F. or over. He was discharged home, 14.7.41, and subsequently attended the follow-up clinic regularly. His general condition appeared to be satisfactory and there was no appreciable deterioration in his vision, but a year after treatment his cerebrospinal fluid was still decidedly positive.
Two years after his malarial treatment his wife reported that he was not so well. Two months previously he had lost the use of his legs for some hours and since then had seemed " faintly off colour ". Examination of his cerebrospinal fluid showed a persistently positive fluid. He was readmitted, 22.3.43, and given a further course of malaria. His general condition deteriorated so badly that the fever had to be stopped after only 4 peaks of 1030 F. or over. He was discharged home, 9.5.43. Although he had 4 additional peaks of fever only, these were apparently sufficient, since his last two tests have been negative. (See Chart 1.) From the details in Chart 1 the conclusion might be drawn that, when the cerebrospinal fluid is strongly positive a year after malarial therapy, it will probably remain so unless further treatment is given.
The question of serological relapse is of interest, but apparently this occurs very rarely. Of 637 male patients only 17 (2-66 per cent) relapsed and of 437 female patients only 2 (0-45 per cent). When the time interval from the conclusion of treatment was considered, it was. found that 11 men (64-7 per cent) relapsed within 2 years, 2 (11-75 per cent) within 3 years and 4 (23-5 per cent) within 4 years. Both the relapses in women occurred within 2 years. (See Table 6 .)
Negative cerebrospinal fluid
The condition of the cerebrospinal fluid, like that of the blood, tends to fluctuate and presents the same problem as to whether or not a negative reaction wiJl prove to be permanent. It is obviously undesirable to subject patients to periodical lumbar punctures for longer than is necessary. It would be extremely useful, therefore, if there were some criterioit by which the permanence or otherwise of a negative result could be gauged. With this in mind, an investigation was made into 640 of our patients in whom there had been a negative cerebrospinal fluid at some time or other following malarial treatment. In this series there were 366 men and 274 women. The results in the men were as follows: in 7 (2 per cent) eventually the fluid reverted and became strongly positive again, in 3 (0-8 per cent) it reverted to a weak positive and in 14 (4 per cent) became inactive, whereas in 342 (93.2 per cent) it remained negative. The results in the women were similar. Both are shown in Table 7 . The group, numbering 425 cases (men 246 and women 179), which had shown two or more consecutive negative results was next analysed. It was found that 99-6 per cent in the male and 100 per cent in the feniale cases remained consistently negative. (See Table 7 .) The one male patient in whom it reverted to a weak positive is of particular interest.
Case 2.-A.P.K., male, age 41 years, was admitted, 15.7.41, with a diagnosis of general paralysis of the insane, the cerebrospinal fluid being strongly positive. He was infected with malaria and had 12 peaks of 1030 F. or over. He was discharged home, 29.9.41.
He attended the follow-up clinic regularly, and a year after treatment his cerebrospinal fluid was negative and remained so for another year. Thereafter his cerebrospinal fluid and mental and physical condition began to deteriorate very slowly but steadily. The deterioration, both serological and clinical, was so gradual that for some time it was almost unnoticed. Then one day he turned up "out of the blue", looking unkempt and miserable and in a state of considerable confusion. He was readmitted and a lumbar puncture was done. The cerebrospinal fluid, although not yet strongly positive, showed a marked deterioration. He was given a second course of malaria therapy, having 13 peaks of 1030F. or over. The cerebrospinal fluid, examined 6 months later, although not then negative, was markedly improved. (See Chart 2.) After his discharge he attended the follow-up clinic regularly and seemed to be making good progress. He was well clinically and went back to his previous work, and the condition of his cerebrospinal fluid steadily improved until 18 months after treatment it was negative.
Six months later, that is, 2 years after the conclusion of treatment, the fluid suddenly reverted, becoming strongly positive, although there was no detectable clinical change. As this was a completely unexpected result, it was decided to check it before advising further malaria therapy, and the patient was asked to attend again in a month's time. He did so, and this second examination entirely confirmed the first. Clinically he was still apparently perfectly well.
On 7.5.43, he was readmitted and given a second course of malaria, having 6 peaks of 1030 F. or over. He was discharged home, 11.7.43.
I
Since his discharge he has continued -to attend the follow-up clinic regularly. The condition of the cerebrospinal fluid has steadily improved, finally becoming negative 18 months after his second course of malaria, He has now had 3 consecutive negative tests, the last one being obtained 3 years after the conclusion of the second course of treatment. Lange=Lange's colloidal gold test.
Next an attempt was made to find out something about the time which the cerebrospinal fluid takes to become negative. Investigation of 183 male cases in which the fluid had been examined at regular yearly intervals showed that within one year from the end of treatment 78 (42-6 per cent) and within three years 163 (89-1 per cent) showed negative results. The results in the women were very similar; out of 88 cases, 47 (53-4 per cent) and 82 (93 1 per cent) were negative within one year and 3 years respectively. (See Table 8 .)
From the foregoing it seems to be justifiable to draw the following conclusions.
(1) It is not sufficient to be satisfied with one or even more than one isolated negative, test result.
-zJ When there have been at least two consecutive negative results it is safe to assume that a subsequent relapse is highly unlikely.
(3) The great majority of negative fluids become so within three years from the conclusion of treatment.
Inactive cerebrospinal fluid
If the cerebrospinal fluid is examined over a fair period of tirnit it will be noticed that in a certain percentage of cases the fluid becomes inactive and remains so. This raises the question of the significance of an inactive cerebrospinal fluid. An investigation was made into 529 of our patients (men 347, women 182) from this standpoint. It was found that of the men 24 (7 per cent) eventually relapsed, the fluid becoming strongly positive,, in 10 (2-9 per cent) it reverted to a weak positive, in 199 (57 3 per cent) it eventually became negative, and in 114 (32-8 per cent) it remained inactive. The analysis of the women gave fairly similar results. To bring this into line with the investigation of the negative cerebrospinal fluids, an analysis was made of 269 patients (men 185, women 84) in whom there had been two or more consecutive inactive results. It was found that the fluid reverted to positive in 11 men (6 per cent), in 9 (4 9 per cent) being strongly and in 2 (1.1 per cent) weakly so; in 174 (94 per cent) it remained inactive or became negative. As can%be seen in Table 9 , the results in the women were similar.
These results are like those obtained when dealing with the negative fluids. It is probable that a certain proportion of these so-called inactive specimens should have been classed with the negatives. There is no sharply defined line of demarcation between the two, which makes classification difficult. However, bearing this in mind, it seems to be justifiable to draw the following conclusions.
(1) An inactive fluid is unlikely to become positive again; (4) The great majority of negative fluids become so within 3 years from the end of treatment.
(5) The condition of the cerebrospinal fluid a year after treatment is a fairly reliable indicator of whether or not further treatment will be needed.
(6) The most important and reliable item in this connexion is the cell count.
If it is normal, then probably all will be well; if it is still raised it is a danger signal, and the giving of further treatment should be considered. (7) The behaviour of the cerebrospinal fluid after malaria therapy is so comparatively regular that it is a wise precaution to check any unexpected findings.
(8) The serial testing of the cerebrospinal fluid implies keeping the patient under prolonged supervision. To implement this satisfactorily entails having an adequate follow-up organization.
(9) For the follow-up to be really satisfactory, the services of a suitable social worker and adequate clerical assistance are essential.
(10) A good follow-up helps not only the patient but also the doctor, because it enables him to assess his results more accurately. Members who had been in the armed Forces had discovered also how relatively common was asymptomatic neurosyphilis. Some of the patients were young men in their early twenties. He believed that in some of them the infection was possibly congenital. By the time that symptoms or signs developed the patients would probably be in the thirties and, because by that time risks of infection would probably be admitted, the true origin of the infection would be missed. In such cases positive cerebrospinal fluid reactions often reverted to negative with a minimum of treatment. When the patients were treated with trivalent arsenical compounds and bismuth their cerebrospinal fluid reactions were usually negative at the end of one course of treatment. Whether or not the cerebrospinal fluid reactions remained negative, he was unable to say; the recent war did not last long enough for these observations to be made. He understood that Dr. Nicol had suggested that if a patient had not relapsed after a year then he was pretty certain to be all right.
Dr. Nicol said that that was not correct. He had said that if a patient relapsed, sero-relapse might come on at any time, not necessarily within a year, but that all such cases would require further treatment. If at the end of a year a patient showed a strongly positive reaction he should be re-treated.
Dr. McElligott (continuing) said that the conclusion seemed to have been that if patients defaulted from treatment they were safe because their cerebrospinal fluid reactions were negative.
Could one safely draw such a conclusion ? Dr. Nicol said that all patients should have the cerebrospinal fluid tested. He assumed that in those patients who had not been tested, but who were working well three or four years afterwards, the probability was that the reactions were negative. Dr. T. E. Osmond wished to be the first to express his thanlks to the authors for their admirable papers. Their results were so well documented that they might fairly be "taken as gospel". Dr. Whelen had pointed out that of 246 patients who had two consecutive negative findings in the cerebrospinal fluid only one had relapsed (presumably at the end of 6-12 months). In other words, the outlook for general paralysis of the insane was very much better than it was years ago ; it might almost be said to be good. He supposed that the series about which they had heard that afternoon was the best and most successful ever reported on in Great Britain or, probably, anywhere else. Speaking as a pathologist, he was naturally particularly interested in the cerebrospinal fluid examination, and he thought that a great advance had been made by the authors in showing that the cerebrospinal fluid test was the thing that mattered and that there was no need to worry about the clinical side. The result of the cerebrospinal fluid test was something by which one could be guided. If the reaction was negative one could say that the outlook was good.
